INTRODUCTION

IMGT
Õ , the international ImMunoGeneTics information system Õ (http://imgt.cines.fr) (1) , is the international reference in immunogenetics and immunoinformatics. Created in 1989 at the Laboratoire d'ImmunoGe´ne´tique
Mole´culaire (LIGM) (Universite´Montpellier 2 and CNRS), IMGT
Õ provides a high quality integrated knowledge resource, specialized in the immunoglobulins (IG) or antibodies, T cell receptors (TR), major histocompatibility complex (MHC) of human and other vertebrates and related proteins of the immune system (RPI), which belong to the immunoglobulin superfamily (IgSF) and to the MHC superfamily (MhcSF). IMGT Õ includes databases, web resources and interactive tools. The accuracy and the consistency of the IMGT Õ data are based on IMGT-ONTOLOGY, the first ontology for immunogenetics and immunoinformatics (2, 3) . IMGT/V-QUEST, for 'V-QUEry and STandardization', is the first integrated IMGT Õ tool which has been online since 1997 (4) . IMGT/V-QUEST analyses the IG and TR rearranged nucleotide sequences that result from the very complex mechanisms at the origin of antigen receptor diversity (10 12 antibodies and 10 12 TR per individual) and which include the rearrangements of the variable (V), diversity (D) and joining (J) genes, the N-diversity mechanism and, for IG, the somatic mutations [for review see (5, 6) ]. IMGT/V-QUEST identifies the V, D and J genes and alleles in rearranged V-J and V-D-J sequences by alignment with the germline IG and TR gene and allele sequences of the IMGT reference directory. It delimits the framework regions (FR-IMGT) and complementarity determining regions (CDR-IMGT) and provides a detailed and accurate characterization of the submitted sequences according to the IMGT Scientific chart rules, based on the IMGT-ONTOLOGY axioms and concepts of description, classification and numerotation (2, 3) . New functionalities were added to IMGT/V-QUEST through a complete rewrite in Java. Thus, IMGT/V-QUEST analyses batches of sequences (up to 50) in a single run. The analysis has been upgraded with the description of V-REGION mutations, with the identification of the hot spots positions in the closest germline V gene, and with the detection and accurate description of insertions and deletions in the submitted sequences by reference to the IMGT unique numbering (7) . IMGT/V-QUEST integrates IMGT/JunctionAnalysis (8) for a detailed analysis of the V-J and V-D-J junctions, and IMGT/Automat (9) for a full annotation of the V-J-and V-D-J-REGION. The interface has been customized to fit the users' needs: in addition to the standard 'Detailed view' which displays the results and alignments for each submitted sequence individually, a new results display 'Synthesis view' has been implemented to provide, for a given run, the alignments of the sequences that express the same V gene and allele and, per locus, the results of IMGT/ JunctionAnalysis. The 'Advanced parameters' allow to modify default parameters used by IMGT/V-QUEST and IMGT/JunctionAnalysis algorithms, according to the users' interest. IMGT/V-QUEST is currently available for human and mouse rearranged sequences, and partly for 31 other species (nonhuman primates, rat, sheep, teleostei and chondrichthyes). IMGT/V-QUEST is freely available for academic research from the IMGT Õ Home page (http://imgt.cines.fr).
ALGORITHM AND IMPLEMENTATION
IMGT/V-QUEST was totally rewritten in Java language in order to fully unify the implementation of the different components. The identification of the closest V, D and J genes and alleles of a given receptor type (IG or TR) and of a given species is based on the same principles as previously described (4) . IMGT/V-QUEST algorithm was developed using pairwise alignment and sequence comparison of experimental data, expertly annotated and standardized by IMGT Õ (10). Briefly, the identification of the closest V, D and J genes and alleles is based on global pairwise alignment (two for the V), without insertions nor deletions, of the user sequence with different subsets of the IMGT reference directory, followed by a similarity evaluation. This last step is preceded, for the V region, by the insertion of gaps according to the IMGT unique numbering (7) .
The complete rewrite in Java has optimized the processing time and allowed the development and integration of new functionalities which improve the analysis accuracy with score, evaluation, warnings, etc. Regarding the input sequences, IMGT/V-QUEST accepts nucleotide sequences in the International Union of Biochemistry (IUB) code (14) and is able to deal with complementary reverse sequences. The tool trims the 'n' nucleotides at the 5 0 and 3 0 extremities of user sequences since they influence the alignments and the gene and allele identification.
IMGT/V-QUEST SEARCH
An IMGT/V-QUEST search consists of two easy steps: (i) the user selects the antigen receptor (IG or TR) and the species on the IMGT/V-QUEST Home page and (ii) on the next page, the user submits up to 50 nt sequences in FASTA format. By clicking on 'Start', the analysis is done automatically with the default parameters.
Prior to launching the search, users may customize the results display options in 'Selection for results display' IMGT unique numbering (7) and on the FR-IMGT and CDR-IMGT delimitation. The extensive and standardized characterization of the mutations performed by IMGT/V-QUEST answers the requirements of IG sequence studies, evolution and function analysis, clinical interpretations and antibody engineering. The 'V-REGION mutation table' lists the mutations (nt and AA) of the analyzed sequence compared to the closest V-REGION allele. They are described for the V-REGION and for each FR-IMGT and CDR-IMGT, with their positions, and for the AA changes according to the IMGT AA classes (12) . For example, c16 > g, Q6 > E (++À) means that the nt mutation (c > g) leads to an AA change at codon 6 with the same hydropathy (+) and volume (+) but with different physicochemical properties (À) classes (12) . It is the first time that such qualification of amino acid replacement is provided. The 'V-REGION mutation statistics' evaluates the number of silent and nonsilent mutations and the number of transitions and transversions of the analyzed nucleotide sequence, and the number of AA changes of its translated sequence. The 'V-REGION mutation hot spots' show the patterns and localization of hot spots in the closest germline V-REGION. The identified hot spots patterns are (a/t)a and (a/g)g(c/t)(a/t) and the complementary reverse motifs are t(a/t) and (a/t)(a/g)c(c/t) (see Lefranc,M-P. and 
Synthesis view
The aim of 'Synthesis view', a novel IMGT/V-QUEST result, is to facilitate the comparison of sequences that express the same V gene and allele: it allows to compare the localization of the mutations and the composition of their junctions. The 'Synthesis view' comprises a 'Summary table' ( Figure 2B ) and eight different displays (if all were selected). The 'Summary table' shows, for each sequence, the name of the closest V gene and allele, the evaluation of the sequence functionality, the V score and Given the necessity to have an international and publicly available benchmarch of high quality for clinical data comparison, IMGT Õ standards based on IMGT-ONTOLOGY have recently been approved by the World Health Organization-International Union of Immunological Societies (WHO-IUIS) subcommittee for IG and TR (25, 26) . Standardized criteria for the analysis of IG and TR rearranged V-J and V-D-J sequences and 3D structures include IMGT reference directory (available free for academics on the Web site), IMGT gene nomenclature (5, 6, 10) approved by the HUGO Nomenclature Committee, IMGT label description, IMGT unique numbering for V-DOMAIN (7) and CDR-IMGT delimitations. IMGT/V-QUEST has been recommended by the European Research Initiative on chronic lymphocytic leukemia CLL (ERIC) for the analysis of the IGHV gene mutational status in CLL (27) . IMGT/V-QUEST output results evaluation by biologists and feedback from researchers and clinicians are part of the new developments to answer biological and medical needs in an international collaboration (28) (29) (30) .
AVAILABILITY AND CITATION
Authors who use IMGT/V-QUEST are encouraged to cite this article and to quote the IMGT Õ Home page (http:// imgt.cines.fr). IMGT/V-QUEST is freely available for academic research.
